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(57) ABSTRACT 

An a.c. driving system photo-Writing type recording medium 
having a substrate formed an electrode layer on one side 
thereof, a transparent substrate formed a transparent elec 
trode layer on one side thereof, an optical sWitching layer 
having a pair of charge generation layers each including a 
charge generation material; and a charge transport layer 
including a charge transport material, disposed between the 
pair of charge generation layers, and a display element layer, 
in Which the electrode layer of the substrate and the trans 
parent electrode layer of the transparent substrate are 
opposed to each other, and the following equation (1) is 
satis?ed 

IIpcgZ-Ipct/I 20.5 eV (1) 

Where Ipcgl is an ionization potential of the charge genera 
tion material and Ipctl is an ionization potential of the charge 
transport material. 

11 Claims, 4 Drawing Sheets 
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PHOTO-WRITING TYPE RECORDING 
MEDIUM AND MANUFACTURING METHOD 

THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a photo-Writing type 

recording medium usable as a so-called electronic paper is 
Written an image With light, can retain the image thus 
Written, and is deleted the image as necessary so that another 
image can be Written therein and a manufacturing method 
therefor. 

2. Description of the Related Art 
In recent years, a photo-Writing type space modulation 

device having a photo-conductive sWitching element and a 
display element in combination has been developed and put 
to practical use in projector, etc. as a lightbulb, and its 
applicability to the art of optical data processing has been 
studied as described in “Liquid crystal space modulator and 
data processing”, Liquid crystal, vol. 2, No. 1, 1998, pp. 
3*18. 

While a predetermined voltage is being applied to the 
display element, the photo-Writing type space modulation 
device changes the impedance of the photo-conductive 
sWitching element according to an amount of light received 
and controls the voltage applied to the display element to 
drive the display element so that an image is displayed 
thereon. In particular, a separable photo-Writing type record 
ing medium, Which is a photo-Writing type space modulation 
device employing an a display controlling element having 
memory properties, has attracted attention as an electronic 
paper medium. 
As display controlling elements (display elements) for 

photo-Writing type recording medium there have been stud 
ied liquid crystal display elements such as nematic liquid 
crystal Which has been dispersed in a polymer to have 
memory properties, cholesteric liquid crystal and ferroelec 
tric liquid crystal, electrophoretic element, electric ?eld 
rotation element, toner electric ?eld transfer element, mate 
rials obtained by encapsulating these elements, etc. 
As optical sWitching elements capable of controlling 

voltage or current according to the amount of light received, 
there have been studied, e.g., amorphous silicon element for 
use in the art of electrophotography, OPC element having a 
function-separating type tWo-layers structure having an 
organic photo-conductor, etc. Further, the inventors have 
studied an OPC element comprising a charge generation 
layer (CGL) formed on the upper and loWer sides of a charge 
transport layer (CTL) (hereinafter referred to as “dual CGL 
structure”). In particular, an OPC element requires no high 
temperature heat treatment and thus is the OPC element 
advantageous in that it can be applied to a ?exible substrate 
such as PET ?lm. Further, the OPC element requires no 
vacuum process and thus is advantages in that the OPC 
element can be manufactured at a loW cost. 

Among the foregoing structures, the dual CGL structure 
can be driven by an ac. voltage. Even When a liquid crystal 
element is used as a display element, the bias component 
contained in the voltage applied prevents the displayed 
image from being bum-in due to the transfer of ion. Thus, 
the dual CGL structure is a very useful structure. The carrier 
to be used for driving may be either positive or negative. 

FIG. 1 illustrates a schematic sectional vieW of an optical 
sWitching element having the dual CGL structure. FIG. 1 
shoWs the state of carrier and electron generated When the 
optical sWitching element is irradiated With light. The optical 
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2 
sWitching element of FIG. 1 has an upper charge generation 
layer 10, a charge transport layer 12, a loWer charge gen 
eration layer 14, a transparent electrode layer 18, and an 
electrode layer 16 sequentially laminated on the surface of 
a transparent substrate 19. 
When the optical sWitching element is irradiated With 

light, carrier c and free electron e are generated in the upper 
charge generation layer 10 and the loWer charge generation 
layer 14. If this occurs While the optical sWitching element 
is under the application of an electric ?eld such that the 
electrode layer 16 is a positive electrode and the transparent 
electrode layer 18 is a positive electrode, carrier c generated 
in the upper charge generation layer 10 is injected into the 
charge transport layer 12 While free electron e rushes into the 
transparent electrode layer 18. The carrier c Which has been 
transported combines With the free electron e generated in 
the loWer charge generation layer 14 While the carrier c 
generated in the loWer charge generation layer 14 is injected 
into the electrode layer 16. As a result, an electric current 
?oWs. When the electric ?eld is inverted, a direction of 
electric current is also inverted. Accordingly, the optical 
sWitching element having such a structure can be driven by 
the application of an ac. voltage. 

FIG. 2 is a conceptual diagram of a photo-Writing type 
recording medium in Which an optical sWitching element 
having such a dual CGL structure is applied to an electronic 
paper. While FIG. 2 shoWs a photo-Writing type recording 
medium having a dc. component-removing ?lm, such a dc. 
component-removing ?lm is not an essential constituent. 
The photo-Writing type recording medium in FIG. 2 has 
integrally an optical sWitching element having a transparent 
substrate 19, a transparent electrode layer 18a, a loWer 
charge generation layer 14, a charge transport layer 12 and 
an upper charge generation layer 10; a dc. component 
removing ?lm provided as a functional layer 20 on the 
optical sWitching element; and a liquid crystal display 
element having a spacer 24, a liquid crystal 22, a transparent 
electrode layer 18b and a transparent substrate 19 provided 
on the functional layer 20. In operation, an ac. voltage is 
applied betWeen the transparent electrode layers 18a and 
18b. In general, light represented by an arroW performs 
photo-Writing. 
By electrically connecting the foregoing photo-Writing 

type recording medium having integrally the optical sWitch 
ing element and a functional element to a driving mecha 
nism for driving such a photo-Writing type recording 
medium, a device having various functions can be produced. 
Further, the driving mechanism is structured to be separable 
from the photo-Writing type recording medium, the photo 
Writing type recording medium can be separated from the 
main body of the device so that the photo-Writing type 
recording medium can be subjected to circulation or distri 
bution. 

HoWever, the dual CGL structure is disadvantageous in 
that the dual CGL structure has an insu?icient photosensi 
tivity. For example, in the case Where as a charge generation 
material there is used perylene, the dual CGL structure needs 
a light amount as great as several milliWatts per cm2 to make 
positive recording (irradiated area shoWs a high re?ectance 
While unirradiated area shoWs a loW re?ectance) for forming 
a monochromatic image as described in JP-A-2000-180888. 
The term “photosensitivity” as used herein means that 

When the optical sWitching element is irradiated With a 
predetermined amount of light or When the optical sWitching 
element is applied a predetermined voltage, the optical 
sWitching element shoWs a reduced resisitivity component in 
the impedance thereof. The predetermined volume of light is 
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normally in a range of from about 50 uW/cm2 to about 500 
uW/cm2, or about 1 mW/cm2 When the optical switching 
element is irradiated large amount of light. The predeter 
mined voltage is normally in a range of from about 50 V01, 
to about 500 VOP. An OPC element exhibits an impedance 
resistivity as very high as in a range of from several 
hundreds of megaohm per cm2 to several gigaohm per cm2 
in darkness but exhibits an impedance resistivity in a range 
of from hundreds of kiloohm per cm2 to scores of megao 
hmper cm2. On the other hand, a display element normally 
exhibits an impedance resistivity of from several megaohm 
per cm2 to about 100 M9 per cm2. Therefore, as the resistive 
component decreases more upon the irradiation With light, 
this decreasing makes greater contribution to enhancement 
of recording sensitivity or expansion of recording margin. 

Therefore, an aim of the invention is to solve the problems 
of the foregoing photo-Writing type recording medium hav 
ing a dual CGL structure in the related art. In other Words, 
an aim of the invention is to provide a photo-Writing type 
recording medium With a dual CGL structure having a high 
photosensitivity. Another aim of the invention is to provide 
a manufacturing method for manufacturing a photo-Writing 
type recording medium With a dual CGL structure having a 
high photosensitivity. 

In the art of ordinary electrophotography, 1) ef?ciency of 
generation of carrier and 2) ef?ciency of injection of carrier 
is essential for the enhancement of sensitivity to light. The 
dual CGL structure must meet further requirement for 3) 
ef?ciency of release of carrier to a charge transport layer. In 
other Words, the dual CGL structure is arranged such that 
carrier generated in the charge generation layer rushes into 
the charge transport layer from Which the carrier is then 
released into the charge generation layer. Accordingly, the 
dual CGL structure must be arranged such that carrier can be 
easily injected from the charge generation layer into the 
charge transport layer as Well as can be easily released from 
the charge transport layer to the charge generation layer. 

The foregoing performances are requirements peculiar to 
the dual CGL structure and is different from required per 
formances of the function-separating type tWo-layers struc 
ture in the electrophotographic photoreceptor. In the case of 
selection of charge generation layer and charge transport 
layer for the function-separating type tWo-layers structure in 
the electrophotographic photoreceptor, it is effective to 
design the ioniZation potential of the charge generation 
material greater as much as possible than that of the charge 
transport material so that charge generated in the charge 
generation layer can be ef?ciently injected into the charge 
transport layer, i.e., the efficiency of injection of charge can 
be enhanced. 

In the case that a CTL (carrier transport layer) is hole 
transfer type, since hole moves on HOMO in CGL and CTL, 
a barrier layer is formed When lHOMOcgll-IHOMOctlI is 
smaller than 0 from the standpoint of energy level as shoWn 
in FIG. 3. Therefore, it is necessary that lHOMOcgll 
lHOMOctll be greater than 0. Accordingly, in order to give 
a higher ef?ciency of injection, it is an important design 
guidance that this difference is positive and great. As shoWn 
in FIG. 3, this energy level corresponds to ioniZation poten 
tial. Further, since this ioniZation potential can be measured, 
materials can be selected and designed in vieW of ioniZation 
potential. 
On the other hand, the dual CGL structure is arranged 

such that charge Which has been injected from the charge 
generation layer into the charge transport layer is then 
released to the other charge generation layer. Further, in the 
case Where the dual CGL structure is driven by an ac. 
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4 
voltage, the release of carrier from the charge generation 
layer to the charge transport layer and the re-release of 
carrier from the charge transport layer to the charge gen 
eration layer occur in the same charge generation layer. 
Therefore, in the case Where |HOMOcgl|>>|HOMOctl| (the 
symbol “>>” means that the former is extremely greater than 
the latter), no barrier layer is formed When carrier rushes into 
the charge transport layer but a barrier layer is formed When 
carrier then rushes into the charge generation layer. Accord 
ingly, in the dual CGL structure, it is dif?cult to enhance 
transport e?iciency. Therefore, the dual CGL structure is 
disadvantageous in that it cannot exhibit a suf?ciently loW 
ered resisitivity When irradiated With light. As a result, it is 
required that large amount of light is irradiated or the 
recording margin is reduced. This is a problem. 

SUMMARY OF THE INVENTION 

In order to solve these problems, the inventors made 
studies on a relationship betWeen the charge transport layer 
and the charge generation layer in an optical sWitching 
element having a dual CGL structure, particularly a material 
having a high charge generation ef?ciency and a charge 
transport material Which can ef?ciently receive and release 
charge produced by the charge generation material. As a 
result, it Was found that a de?nition of the relationship 
betWeen the ioniZation potential of the tWo materials makes 
it possible to enhance the photosensitivity of the optical 
sWitching element. The present invention has thus been 
Worked out. The invention may include the folloWing con 
struction and method. 
<1> An a.c. driving system photo-Writing type recording 

medium has a substrate formed an electrode layer on one 
side thereof; a transparent substrate formed a transparent 
electrode layer on one side thereof; an optical sWitching 
layer having a pair of charge generation layers each includ 
ing a charge generation material and a charge transport layer 
including a charge transport material, disposed betWeen the 
pair of charge generation layers; and a display element layer, 
in Which the electrode layer of the substrate and the trans 
parent electrode layer of the transparent substrate are 
opposed to each other and the folloWing equation (1) is 
satis?ed 

lIpcgZ-IpcllléOj eV (1) 

Where Ipcgl is an ioniZation potential of the charge genera 
tion material; and Ipctl is an ioniZation potential of the 
charge transport material. 

<2> In the photo-Writing type recording medium accord 
ing to clause <1 >, the charge generation material has at least 
one of chlorogallium phthalocyanine, hydroxygallium 
phthalocyanine, and titanylophthalocyanine. 

<3> In the photo-Writing type recording medium accord 
ing to clause <1>, the charge generation material has 
hydroxygallium phthalocyanine having a strong diffraction 
peak in Bragg angle (20102") of X-ray diffraction spectrum 
at one of the folloWing i) to vi), that is: 

i) 7.5", 9.9", 12.5", 16.3", 18.6", 25.1" and 28.3"; 
ii) 7.7", 16.5", 25.1" and 26.6"; 
iii) 7.9", 16.5", 24.4" and 27.6"; 
iv) 7.0", 7.5", 10.5", 11.7", 12.7", 17.3", 18.1", 24.5", 

26.2" and 27.1"; 
v) 6.8", 12.8", 15.8" and 26.0"; and 
vi) 7.4", 9.9", 25.0", 26.2"and 28.2". 
<4> In the photo-Writing type recording medium accord 

ing to clause <1>, the charge generation material has chlo 



US 7,046,311 B2 
5 

rogallium phthalocyanine having a strong diffraction peak in 
Bragg angle (26:0.2°) of X-ray diffraction spectrum at one 
of the following a) to c), that is: 

a) 7.4°, 16.6°, 25.5° and 283°; 
b) 6.8°, 173°, 23.6° and 26.9°; and 
c) 8.7° to 92°, 17.6°, 24.0°, 27.4° and 28.8°. 
<5> In the photo-Writing type recording medium accord 

ing to clause <1>, the charge generation material has titanyl 
phthalocyanine having a strong diffraction peak in Bragg 
angle (26:0.2°) of X-ray diffraction spectrum at 9.5°, 9.7°, 
11.7°, 15.0°, 23.5°, 24.1°and 273°. 
<6> In the photo-Writing type recording medium accord 

ing to any one of clauses <1> to <5>, the charge transport 
material comprises one of a benZidine-based compound and 
triphenylamine-based compound. 

<7> In the photo-Writing type recording medium accord 
ing to any one of clauses <1> to <6>, the display element 
layer has memory property. 

<8> In the photo-Writing type recording medium accord 
ing to any one of clauses <1> to <7>, the display element 
layer is a cholesteric liquid crystal display element layer. 

<9> In the photo-Writing type recording medium accord 
ing to any one of clauses <1> to <7>, the display element 
layer is a cholesteric liquid crystal display element layer. 

<10> A manufacturing method for manufacturing an ac. 
driving system photo-Writing type recording medium, the 
method has the steps of forming an optical sWitching layer 
on an electrode side surface of a substrate on Which an 

electrode is formed, forming a display element layer on a 
transparent electrode side surface of a transparent substrate 
on Which a transparent electrode is formed; and laminating 
an optical sWitching layer side surface of the substrate and 
a display element layer side surface of the transparent 
substrate With each other, in Which in the optical sWitching 
layer forming step, a ?rst charge generation layer having a 
charge generation material, a charge transport layer having 
charge transport material, and a second charge generation 
layer having the charge generation material are layered 
subsequently and in Which in the layering step, the charge 
generation material and the charge transportation material 
are selected to satisfy the folloWing equation (1), that is, 

lIpcgZ-IpcllléOj eV (1) 

Where Ipcgl is an ioniZation potential of the charge genera 
tion material; and Ipctl is an ioniZation potential of the 
charge transport material. 

<11> A manufacturing method for manufacturing an ac. 
driving system photo-Writing type recording medium, the 
method has the steps of forming an optical sWitching layer 
on a transparent electrode side surface of a transparent 
substrate on Which a transparent electrode is formed, form 
ing a display element layer on an electrode side surface of 
a substrate on Which an electrode is formed; and laminating 
an optical sWitching layer side surface of the substrate and 
a display element layer side surface of the transparent 
substrate With each other, in Which in the optical sWitching 
layer forming step, a ?rst charge generation layer having a 
charge generation material, a charge transport layer having 
charge transport material, and a second charge generation 
layer having the charge generation material are layered 
subsequently and in Which in the layering step, the charge 
generation material and the charge transportation material 
are selected to satisfy the folloWing equation (1), that is, 

lIpcgZ-IpcllléOj eV (1) 

20 

25 

30 

35 

40 

45 

50 

6 
Where Ipcgl is an ioniZation potential of the charge genera 
tion material; and Ipctl is an ioniZation potential of the 
charge transport material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional vieW of an optical sWitch 
ing element having a dual CGL structure; 

FIG. 2 is a diagram illustrating the concept of a photon 
Writing type recording medium comprising an optical 
sWitching element having a dual CGL structure applied to an 
electronic paper; 

FIG. 3 is a diagram illustrating an energy model of charge 
transportation; and 

FIG. 4 is a schematic diagram illustrating an example of 
the concept of a system for Writing on the photo-Writing type 
recording medium of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention Will be further described hereinafter. 

<Photo-Writing Type Recording Medium> 
An a.c. driving system photo-Writing type recording 

medium according to the invention has a substrate formed an 
electrode layer on one side thereof; a transparent substrate 
formed a transparent electrode layer on one side thereof; an 
optical sWitching layer having a pair of charge generation 
layers each including a charge generation material and a 
charge transport layer including a charge transport material, 
disposed betWeen the pair of charge generation layers; and 
a display element layer, in Which the electrode layer of the 
substrate and the transparent electrode layer of the transpar 
ent substrate are opposed to each other and the folloWing 
equation (1) is satis?ed 

lIpcgZ-IpcllléOj eV (1) 

Where Ipcgl is an ioniZation potential of the charge genera 
tion material; and Ipctl is an ioniZation potential of the 
charge transport material. 
The photo-Writing type recording medium of the inven 

tion may has other various layers in addition to the foregoing 
essential layers. 
The photo-Writing type recording medium of the inven 

tion Will be further described hereinafter in connection With 
the various constituent elements. 

a) Optical SWitching Layer 
In the invention, the optical sWitching layer has a pair of 

charge generation layers containing a charge generation 
material and a charge transport layer. The charge transport 
layer is disposed betWeen the pair of charge generation 
layers. The charge generation material and the charge trans 
port material satisfy the folloWing equation: 

lIpcgZ-Ipclll 20.5 eV (1) 

Where Ipcgl is the ioniZation potential of the charge genera 
tion material and Ipctl is the ioniZation potential of the 
charge transport material. 
By selecting a combination of a charge generation mate 

rial and a charge transport material satisfying the foregoing 
equation (1), a photo-Writing type recording medium having 
a high sensitivity and a Wide margin can be obtained. The 
fact that the left side of the foregoing relationship (1) is an 
absolute value means that the ioniZation potential of the 
charge transport material may be either higher or loWer than 
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that of the charge generation material. In other Words, it has 
been concluded important that the absolute value of the 
difference in ioniZation potential betWeen the charge gen 
eration material and the charge transport material is small to 
ac. drive the photo-Writing type recording according to the 
invention. 
When (lpcgl-lpctl) is greater than 0.5 eV, a carrier can be 

injected into the charge transport layer but can be hardly 
released. The charge tends to be accumulated in the charge 
transport layer. On the other hand, When (lpcgl-lpctl) is 
smaller than —0.5 eV, a carrier can hardly be injected into the 
charge transport layer. This makes it dif?cult to loWer the 
resistivity of the charge transport layer When irradiated With 
light. Therefore, it is the key of the invention that the 
difference betWeen lpcgl and lpctl is not greater than 0.5 eV 
regardless of the sign of (lpcgl-lpctl) 

The value of llpcgl-lpctll is preferably not greater than 0.4 
eV, more preferably not greater than 03 eV, even more 
preferably not greater than 0.2 eV, particularly not greater 
than 0.1 eV. 

For the measurement of the speci?c value of ioniZation 
potential, an atmosphere type ultraviolet ray opto-electronic 
analyZer (AC-1, produced by RIKEN KEIKI CO., LTD.) 
may be used. The ioniZation potential of the charge transport 
material CGM and that of the charge transport material is 
actually synonymous With the ioniZation potential of the 
charge generation layer and that of the charge transport 
layer. 

Examples of the charge generation material employable 
herein include metal phthalocyanine, metal-free phthalocya 
nine, squarylium compound, aZlenium compound, perylene 
pigment, indigo pigment, bisaZo pigment, trisaZo pigment, 
quinacridone pigment, pyrolopyrrole dye, polycyclic 
quinone pigment, condensed ring aromatic pigment, cyanine 
dye, xanthene pigment, charge transfer complex such as 
polyvinyl carbaZole and nitro?uorene, and eutectic complex 
having a pyrilium salt dye and a polycarbonate resin. 

The charge generation material to be used in the invention 
preferably has, as a main component, at least one compound 
selected from the group consisting of phthalocyanines hav 
ing the folloWing structural formula (I), i.e., chlorogallium 
phthalocyanine, hydroxygallium phthalocyanine, and tita 
nylophthalocyanine: 

Structural formula (I) 
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The term “main component” indicates a component Which 

accounts for not smaller than 50% of a subject material 

(here, compound constituting the charge generation mate 
rial), preferably not smaller than 80% of that, more prefer 
ably not smaller than 90% of that. This de?nition can apply 

to other subject materials. 

As 

herein, one having a strong diffraction peak in Bragg angle 
(20:0.2°) of X-ray diffraction spectrum at one of the fol 
loWing i) to vi) is particularly preferred because such 

the hydroxygallium phthalocyanine employable 

hydroxygallium phthalocyanine has a high charge genera 
tion ef?ciency. The ioniZation potential of these charge 
generation materials is about —53 eV (the sign “—” Will be 

omitted hereinafter). 

i) 7.5°, 9.9°, 125°, 163°, 186°, 251° and 283°; 

ii) 7.7°, 165°, 251° and 266°; 

iii) 7.9°, 16.5°, 24.4° and 276°; 

iv) 70°, 75°, 10.5°, 11.7°, 127°, 173°, 181°, 245°, 
262° and 27.1°; 

V) 6.8°, 128°, 158° and 260°; and 

vi) 7.4°, 9.9°, 250°, 262° and 282°. 

As the chlorogallium phthalocyanine employable herein, 
one having a strong diffraction peak in Bragg angle 
(20:0.2°) of X-ray diffraction spectrum at one of the fol 
loWing a) to c) is particularly preferred because such chlo 
rogallium phthalocyanine has a high charge generation 
ef?ciency. The ioniZation potential of these charge genera 
tion materials is about 5.4 eV. 

a) 7.40, 16.6°, 25.50 and 283°; 

b) 6.80, 17.30, 23.6° and 26.9°; and 

c) 8.7° 10 9.20, 17.6°, 24.00, 27.40 and 28.80. 

As the titanyl phthalocyanine employable herein, one a 
strong diffraction peak in Bragg angle (20:0.2°) of X-ray 
diffraction spectrum at 95°, 9.7°, 11.7°, 150°, 235°, 241° 
and 273° is particularly preferred. Because such titanyl 
phthalocyanine has a high charge generation e?iciency. The 
ioniZation potential of these charge generation materials is 
about 5.4 eV. 

These charge generation materials have a high charge 
generation e?iciency per amount of light and thus are high 
sensitivity charge generation materials. 

In other Words, by combining a proper combination of 
ioniZation potentials With a high sensitivity charge genera 
tion material, a charge generation material having a high 
charge generation ef?ciency per amount of light can be 
formed. This charge generation material can be used to 
generate charge, ef?ciently inject charge and ef?ciently 
release charge. Thus, a photo-Writing type recording 
medium With a dual CGL structure having a high sensitivity 
and a Wide margin can be manufactured. 

Of course, a metal-free phthalocyanine (ioniZation poten 
tial: approxmately 5.2 eV) can be used as a charge genera 
tion material. Further, aZo compounds exempli?ed beloW 
(aZo-A to aZo-C) can be used as charge generation materials. 
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HNOC OH N 

aZo-A 5.47eV 

CH3 H3C 

H3C HNOC OH HO CONH CH3 

azo-B 5.65eV 

Cl Cl 

HNOC OH HO CONH 

O 

N = N N = N 

aZo-C 5.92eV 

The ionization potential of these compounds are in a 60 
range of from about 5.4 eV to about 5.9 eV. The ?gure 
attached to the foregoing chemical formulae each indicate 
the ioniZation potential of the compound (hereinafter, the 
same applies to other chemical formulae). 

Other compounds Which can be used as charge generation 65 
material such as perylene pigment Will be exempli?ed 
beloW. 
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As the charge transport material to be used in the inven 
tion, there may be used a material having the ionization 
potential in a range of from 4.8 eV to 5.8 eV When 
hydroxygallium phthalocyanine is used as charge generation 
material. If a halogenated gallium phthalocyanine is used as 
charge generation material, a material having the ionization 
potential in a range of from 4.9 eV to 5.9 eV may be used. 
If titanylophthalocyanine is used as charge generation mate 
rial, a material having the ionization potential in a range of 
from 4.9 eV to 5.9 eV may be used. 

Speci?c examples of the charge transport material 
employable herein include positive hole transport materials 
such as trinitro?uorene-based compound, polyvinylcarba 
zole-based compound, oXadiazole-based compound, hydra 
zone-based compound (e. g., benzylamino-based hydrazone, 
quinoline-based hydrazone), stilbene-based compound, 
triphenylamine-based compound, triphenylmethane-based 
compound, and benzidine-based compound, and electron 
transport materials such as quinone-based compound, tetra 

35 
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50 
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CH3 

CH3 

HO CONH® 
N—N 

cyanoquinodimethane-based compound, fur?eone com 
pound, Xanthone-based compound and benzophenone-based 
compound. 

Preferred among these charge transport materials employ 
able herein are those comprising as main component a 

benzidine-based compound and/or triphenylamine-based 
compound. 

Particularly useful examples of positive charge transport 
material include hydrazone-based compounds having the 
folloWing structural formulae (Compound l-A to Compound 
l-G), styryltriphenylamine compounds having the folloWing 
structural formulae (Compound 2-A to Compound 2-K), 
N,N,N',N'-tetraphenylbenzidine compounds having the fol 
loWing structural formulae (Compound 3-A to Compound 
3-H), triphenylamine compounds having the folloWing 
structural formulae (Compound 4-A to Compound 4-E), and 
compounds having the folloWing structural formulae (Com 
pound 5-A to Compound 5-F). 

lp:5.23eV 

(l-A) 
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Particularly useful examples of negative charge transport 
material include compounds having the following structural -continued 
formulae (Compound 6-A to Compound 6-P). NC CN (6'G) 

(6-A) 
NC CN 

(6-H) 
NC CN 

CO C H 
2 2 s 15 

(643) 6.15 
NC CN 

20 CO2C4H9 

6.10 (6-I) 
NC CN 

CO2C4H9 25 
6.16 

(6-C) 
NC CN 

COZCZHS 
30 (6_J) 

NC CN 
6.13 

6 1O 35 
CO2C5H13(11) 

(6'13) NC CN CO2C4H9 
(6-K) 

40 NC CN 

6.14 

6.13 

45 
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50 
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6.31 
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-continued 
(6-N) 

NC CN 
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NC CN 

6.24 

OZN 

(6-1’) 
NC CN 

6.15 

CO2C4H9 

Even more desirable from these charge transport materials 
are Compound 4-B, Which is a triphenylamine-based com 
pound, and Compounds 3-A, 3-B and 3-D, Which are 
benZidine-based compounds, because they have a loW ion 
iZation potential and a high compatibility With the binder. 
By nomenclature, at least one benZidine-based compound 

selected from the group consisting of N,N'-bis(3-methylphe 
nyl)-N,N'-diphenyl-(1,1'-biphenyl)-4,4'-diamine, N,N'-bis 
(3-ethylphenyl)-N,N'-diphenyl-(1,1'-biphenyl)-4,4'-di 
amine, N,N'-bis(3 -ethylphenyl)-N,N'-diphenyl-(1 ,1' 
biphenyl)-4,4'-diamine and N,N'-bis(3-ethylphenyl)-N,N' 
bis(3-methylphenyl)-(1,1'-biphenyl)-4,4'-diamine or N,N 
bis(3,4-dimethylphenyl)bisphenyl-4-amine, Which is a 
triphenylamine-based compound, is preferred. 

The pair of charge generation layers are required to 
generate carrier and free electron to the same degree and 
thus are required to be equally sensitive to Wavelength, light 
amount and voltage. The tWo charge generation layers 
preferably are made of the same material but may be made 
of different materials so far as the tWo layers have almost the 
same sensitivity. A photo-Writing type recording medium 
comprising an upper charge generation layer and a loWer 
charge generation layer Which are made of charge generation 
materials having different sensitivities gives a voltage Wave 
form having a great asymmetry With respect to 0 V under the 
application of ac. electric ?eld When irradiated With light. 

In the case Where the pair of charge generation layers are 
formed by different charge generation materials, it is only 
necessary that the ioniZation potential of the various charge 
generation materials and the ioniZation potential of the 
charge transport material of the charge transport material 
satisfy the relationship (1). Of course, the ioniZation poten 
tial of the different charge generation materials are prefer 
ably as close to each other as possible. 

The formation of the charge generation layer can be 
accomplished by a dry ?lm-forming method such as vacuum 
evaporation method and sputtering method or a spin coating 
method or dipping method With a coating solution contain 
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30 
ing the foregoing charge generation material or charge 
transport material. None of these methods requires heating 
of substrate or severe process control as in the preparation of 
a-Si or photodiode. 
When the coating solution is used, the concentration of 

the foregoing charge generation material in the coating 
solution is preferably in a range of from 1% by mass to 20% 
by mass, more preferably in a range of from 1.5% by mass 
to 5% by mass. On the other hand, the concentration of the 
foregoing charge transport material in the coating solution is 
preferably in a range of from 5% by mass to 50% by mass, 
more preferably in a range of from 10% by mass to 20% by 
mass. 

The foregoing coating solution has a binder resin. As the 
binder resin to be used herein there may be used any knoWn 
binder resin commonly used in the formation of the photo 
sensitive layer in the photoreceptor of electrophotograph 
Without any problem. Speci?c examples of such a binder 
resin include insulating resins such as polyvinyl acetal resin 
(e.g., polyvinyl butyral resin, polyvinyl formal resin, partly 
acetalated polyvinyl butyral resin having butyral partly 
modi?ed by formal or acetoacetal), polyarylate resin (e.g., 
polycondensation product of bisphenol A and phthalic acid), 
alcohol-soluble nylon, polycarbonate resin, polyester resin, 
modi?ed ether type polyester resin, phenoxy resin, polyvinyl 
chloride resin, polyvinylidene chloride resin, polyvinyl 
acetate resin, polystyrene resin, acrylic resin, methacrylic 
resin, polyacrylamide resin, polyamide resin, polyvinyl pyri 
dine resin, cellulose resin, polyurethane resin, epoxy resin, 
silicone resin, polyvinyl alcohol resin, polyvinyl pyrrolidone 
resin, casein, vinyl chloride-vinyl acetate copolymer (e.g., 
vinyl chloride-vinyl acetate copolymer, hydroxyl-modi?ed 
vinyl chloride-vinyl acetate copolymer, carboxyl-modi?ed 
vinyl chloride-vinyl acetate copolymer, vinyl chloride-vinyl 
acetate-maleic anhydride copolymer), styrene-butadiene 
copolymer, vinylidene chloride-acrylonitrile copolymer, sty 
rene-alkyd resin, silicon-alkyd resin and phenol-formalde 
hyde resin. resin, silicon-alkyd resin and phenol-formalde 
hyde resin. These binder resins may be used singly or in 
combination of tWo or more thereof. 

The concentration of such a binder resin in the foregoing 
coating solution for the charge generation layer is preferably 
in a range of from 0.1% by Weight to 20% by Weight, more 
preferably in a range of from 0.5% by Weight to 5% by 
Weight. On the other hand, the concentration of the binder 
resin in the coating solution for the charge transport layer is 
preferably in a range of from 1% by Weight to 50% by 
Weight, more preferably in a range of from 2% by Weight to 
30% by Weight. 
The solvent for preparing the coating solution may be, for 

example, alcohols such as methanol, ethanol, n-propanol, 
i-propanol, n-butanol and benZyl alcohol, ketones such as 
acetone, methyl ethyl ketone and cyclohexanone, amides 
such as dimethylformamide and dimethylacetamide, sulfox 
ides such as dimethyl sulfoxide, cyclic or chain-like ethers 
such as tetrahydrofurane, dioxane, diethyl ether, methyl 
cellosolve and ethyl cellosolve, esters such as methyl 
acetate, ethyl acetate and n-butyl acetate, aliphatic haloge 
nated hydrocarbons such as methylene chloride, chloroform, 
carbon tetrachloride, chloroethylene and trichloroethylene, 
mineral oils such as ligroin, aromatic hydrocarbons such as 
benZene, toluene and xylene, and aromatic halogenated 
hydrocarbons such as chlorobenZene and dichlorobenZene. 
The thickness of the foregoing charge generation layer is 

preferably in a range of from 10 nm to 1 pm, more preferably 
in a range of from 20 nm to 500 nm. When the thickness of 
the foregoing charge generation layer is less than 10 nm, the 












